Abstract: A mass of ultrafine weakly magnetic iron minerals are produced during the processing of iron ores such as hematite and limonite, and in the most cases these fine minerals are recovered at a very low efficiency, especially for the magnetic particles below 20μm. Pulsating high gradient magnetic separation (HGMS) of rod matrix is comparatively investigated for the processing of an ultrafine hematite tailings (around 65% below 20μm), to determine the optimum rod matrix for the recovery of ultrafine hematite minerals from the tailings. The results of investigation indicate the finest 1 mm rod matrix achieved the most effective processing of the tailings assaying 28.99% Fe, produced a concentrate assaying 46.85% Fe with 59.39% recovery at a low magnetic induction of 0.5 T, and these are much superior to those of the 2 mm and 3 mm rod matrixes.
Introduction
A mass of ultrafine weakly magnetic iron minerals are produced during the processing of iron ores such as hematite and limonite (Zheng et al., 2015) , and in the most cases these fine minerals are concentrated at a very low efficiency, especially for the magnetic particles smaller than 20μm. It has even been estimated that 120 to 130 Mt iron tailings containing more than 14 Mt iron values is discarded as tailings per year in China, due to insufficient technology available to handle such tailings (Chen et al., 2009 ). In practice, pulsating high gradient magnetic separation (HGMS) presents the most effective method for the concentration of fine hematite (Zeng and Xiong, 2003) .
In the present investigation, pulsating HGMS of rod matrix is comparatively investigated for the processing of an ultrafine hematite tailings (around 65% below 20μm), to determine the optimum rod matrix for the recovery of ultrafine hematite minerals from the tailings.
Materials and methods

Characteristics of material
A hematite tailings assaying 28.99% Fe was used in the investigation and dominant gangues in the material are quartz and muscovite, etc. As shown in Table 1 , particles are ultrafinely distributed in the material, with 78.43% of the material distributed in the ultrafine range below 30μm; this fraction is rich in iron, accounting for 86.16% of the total iron in the material. It is noted that 47.48% of the material is in the extremely ultrafine range below 10μm, accounting for 48.28% of the total iron. 
Cyclic pilot-scale Pulsating HGMS separator
A SLon-100 cyclic pilot-scale pulsating HGMS separator ( Fig.1 ) was used to concentrate the hematite tailings. In the investigation, 1, 2 and 3 mm diameter round bars made of magnetic stainless steel are used as magnetic matrix in the separator, and they are varied in the configuration. While the separator is being operated, a direct current flows through the energizing coils and a magnetic field is built up in the separating zone. Firstly, the separating zone is filled with flowing water so that the pulsating energy is transmitted to the separating zone, in which the level of water and its flowrate are adjustable by the valve below the pulsating mechanism. Then, the slurry is fed into the matrix in the separating zone through the feeding box. Magnetic particles are attracted from slurry onto the surface of matrix, while non-magnetic particles pass through the matrix and go out through the product box to become tailings under the combined actions of slurry pulsation, gravity and hydrodynamic drag. The pulsating mechanism drives the slurry in the separating zone up and down, keeping particles in the matrix in a loose state so that magnetic particles are more easily captured by the matrix and non-magnetic particles are more easily dragged out through the matrix. 
Results and discussion
Effect of magnetic induction on pulsating HGMS performance of 1 mm rod matrix
The finest 1 mm rod matrix is firstly used in the separator to process the ultrafine tailings, due to the ultrafine distribution characteristics of the material. It can be seen from Fig.2 , it achieved an effective recovery for the fine magnetic hematite from tailings; as the magnetic induction increased, the iron recovery rapidly increased and then approached the maximum around 50%, while the concentrate grade decreased with decreasing magnetic induction and this is due to the increasing magnetic capture to magnetic particles by the matrix (Chen et al., 2009 ).
It is interesting to note that this finest 1 mm rod matrix is capable of achieving a high separation performance at a magnetic induction as low as 0.5 T. 
Effect of magnetic induction on pulsating HGMS performance of 2 and 3 mm rod matrixes
The material is further processed with coarser 2 and 3 mm rod matrix with the cyclic pilot-scale pulsating HGMS separator, with results as shown in Fig.2 . The two matrixes followed the similar trend; as the magnetic induction increased, the concentrate grade decreased with reduction in the iron recovery. It is clear that both the two matrix achieved inferior separation performance to that of the finest 1 rod matrix, even at a much higher magnetic induction reaching as high as 0.9 T.
Combining the separation results of 1, 2 and 3 mm rod matrixes in Fig.2 , the finest 1 mm rod matrix is well suited for the recovery of ultrafine hematite minerals from the tailings, producing a much superior separation performance at a low electric consumption cost. Performance comparison between 1, 2 and 3 mm rod matrix The above separation tests are comparatively repeated at the definitely same operation conditions, i.e., at a pulsating frequency of 225 r/min, at a feed weight of 200g and at a feed solid concentration of 10%, except for the magnetic induction. It can be seen from Table 2 , while the 1 mm rod matrix produced a similar concentrate grade around 49% Fe to the 2 and 3 mm rod matrixes, it achieved a much higher iron recovery approaching 50% at a much lower magnetic induction of 0.4 T. Under the optimum conditions (at a magnetic induction of 0.5 T), this finest rod matrix produced a concentrate grade assaying 46.85% Fe at an iron recovery as high as 59.39%, with the tailings grade assaying 18.61% Fe, much lower than those (higher than 22% Fe) of the 2 and 3 mm rod matrixes. 
Conclusions
The finest 1 mm rod matrix is well suited for the recovery of hematite minerals from the ultrafine tailings at a low electric consumption cost. At a low magnetic induction of 0.5 T, it produced a concentrate grade assaying 46.85% Fe with recovery reaching as high as 59.39% from the tailings assaying 28.99% Fe, with its tailings grade as low as 18.61% Fe; such a separation performance is much superior to the 2 and 3 mm rod matrixes.
